INTRODUCTION
In Singapore, outpatient visits for the management of chronic diseases occur once every 3 months in government polyclinics, where almost half of patients with chronic diseases are treated. 1, 2 With the rising burden of chronic disease and an aging population, 3 the demand for primary healthcare services has grown exponentially. At the same time, primary care physician (PCP) time is inefficiently consumed by routine, low-risk, non-urgent visits.
Various innovative models, including team-based care, [4] [5] [6] minute clinics, 7 and remote health services, 8, 9 are being implemented worldwide to aid in the care of patients. We developed the Self Empowering and Enabling Kiosk (SEEK), an unmanned healthcare kiosk, integrated with the electronic medical record, to complement office-based PCP visits. The global healthcare kiosk market is growing, and kiosks are projected to be a larger part of healthcare delivery in the coming decades. 10, 11 This study is unique in assessing whether a healthcare kiosk can be used to complement PCP visits for delivering care to patients with well-controlled chronic disease, thus providing an alternative setting in which patients can receive care. Kiosks have the potential to increase access to primary healthcare services for new patients and to allow redistribution of resources for the management of more complex patients who require greater time and more intensive care. If effective, kiosks have the potential to automate, to some extent, the delivery of healthcare in the same way that ATMs do for banking.
Our aim in this work was to evaluate the SEEK kiosk as a care delivery tool and to determine its feasibility as an alternative means of delivering care for patients with stable chronic disease. We hypothesized that there would be at least moderate agreement in the assessment of chronic disease control between the kiosk and a nurse clinician (NC), that participants would be satisfied with the kiosk, and that participants who consulted the kiosk would not have adverse outcomes. Our secondary aim was to show that the kiosk could generate potential cost savings for the management of stable chronic disease in primary care.
METHODS

Study Design and Population
We conducted a prospective study and enrolled a convenience sample of 100 participants. Patients who were included were 18 to 70 years old, with at least one of the following chronic diseases: hypertension, hyperlipidemia, or diabetes mellitus, with blood pressure (BP), low-density lipoprotein cholesterol (LDL-C), and hemoglobin A1c (HbA1c) values at target. We excluded patients with levels of creatinine >140 mmol/l, potassium >3.5 mmol/l or >5 mmol/l, newly started on angiotensin-converting-enzyme (ACE) inhibitor or angiotensin receptor blocker, recent discharge from hospital or specialist outpatient clinic, need for laboratory exams except for HbA1c, or any new complaints related to the management of chronic disease. Kiosk Deployment. Before launching the kiosk, we conducted rigorous tests and simulations. The kiosk was subjected to numerous simulated participant scenarios as well as a dry run with mock participants. However, for the first 17 subjects, we found inaccurate kiosk decisions for wellcontrolled, sub-optimally controlled, and poorly controlled patients. As a result, these participants were given advice based on the wrong classification by the kiosk, thus resulting in inappropriate disease management. 12 We corrected the algorithm, and we excluded this data from the current analysis. Of these 17 participants, 12 participants were evaluated by the NC and found to be well controlled, and thus allowed to continue with kiosk visit 2. Therefore, only 95 participants ultimately continued with the study after the kiosk accuracy issue was resolved.
Kiosk Decision Algorithm. The kiosk was designed to classify participants into three groups: those with wellcontrolled, sub-optimally controlled, or poorly controlled disease ( Table 1 ). The algorithm used by the kiosk was generated using patients' cardiovascular risk according to coronary artery disease risk factors, 13 responses to the participant questionnaire, BP and pulse measurements, and laboratory values. All participants were asked, through a questionnaire built into the kiosk, whether during the past month they had 1) experienced chest pain, 2) experienced breathlessness, or 3) been admitted to a hospital. If the participant answered "yes" to any of the questions, the kiosk classified them as having red flag symptoms, and they were directed to see a physician and were excluded from the study.
Kiosk Visits. Figure 1 shows the flow of participant visits. The first and second kiosk visits occurred 3 and 6 months after recruitment. After the kiosk provided a determination of whether the patient's condition was well controlled, an NC independently evaluated and classified the participant using parameters identical to those of the kiosk. If the NC, who was blinded to the kiosk finding, found that the participant's disease was sub-optimally or poorly controlled, the participant was referred to the primary care physician for further management and excluded from the study. At the end of the second kiosk visit, participants were required to answer a questionnaire built into the kiosk to evaluate their satisfaction with the use of the kiosk as an alternative patient care method.
At 9 months, all participants who continued with the study were reviewed by a PCP. The PCP evaluated any adverse outcomes as a result of not consulting a PCP at the 3-and 6-month intervals.
PRIMARY OUTCOME
The primary outcome was agreement between the NC and the kiosk regarding the classification of subjects as well controlled, sub-optimally controlled, or poorly controlled according to their cardiovascular risk factors.
SATISFACTION
We used four satisfaction questions, with responses based on a four-point Likert scale from strongly disagree to strongly agree. The survey questions related to the kiosk's ease of use, ease of instructions, ability to replace the provider, and amount of time spent using the kiosk. We considered a participant satisfied if he or she agreed or strongly agreed with all four satisfaction questions.
BLOOD PRESSURE MEASUREMENTS
The kiosk uses an Omron HBP-9020 BP measuring device (Omron Healthcare, Kyoto, Japan), which has been approved by the Health Sciences Authority of Singapore and meets standards in accordance with the Health Products Act and Health Products (Medical Devices) Regulations. The NC used the GE Carescape V100 vital signs monitor (GE Healthcare, Chicago, IL, USA) for BP measurement.
EVALUATION OF COSTS
Our facility is subsidized by the government, and the unit cost per physician visit was $41.68. This cost does not include medication or laboratory charges. A large proportion of the cost is provided by the government, while the actual cost to patients is based on the patient age group. Therefore, cost savings from the kiosk were estimated by multiplying the reduction in the number of physician visits by the unit cost per physician visit.
STATISTICAL ANALYSIS
We used proportions and means to describe the study sample. We used the paired t test to assess differences between the BP measurements by the kiosk and the NC, and Cohen's kappa to assess agreement between the kiosk decision and the NC's decision. All statistical tests were two-tailed, and a p value of <0.05 was considered statistically significant. Table 2 presents the baseline characteristics of the sample. Our study started with 95 participants; 91 participants completed one visit, 70 participants completed two visits, and 64 participants completed the 9-month visit. Seven participants withdrew from the study for personal reasons, and 29 exited the study because their chronic condition was not well controlled and required a consultation with a doctor. The reasons given for withdrawing and exiting from the study are shown in Table 3 . The most common reason for withdrawal was a preference for seeing a physician, and the most common reasons for exiting the study were uncontrolled BP or HbA1c outside the target range.
RESULTS
Baseline Characteristics
Agreement Between the Nurse Clinician and Kiosk Assessment
At the first visit, 124 (83%) of the kiosk assessments matched the NC's assessment. Cohen's κ was 0.575 (95% CI, 0.437-0.713) for categorizing the participants into well-controlled, sub-optimally controlled, and poorly controlled groups. The main reason for the modest agreement was a difference in BP measurements between the kiosk and the NC. The mean systolic BP measured by the kiosk was 132.7 mmHg (±12.7 mmHg), and the mean systolic BP measured by the NC was 125.5 mmHg (±10.4 mmHg; p < 0.01) The mean diastolic BP measured by the kiosk was 76.7 mmHg (±8.2 mmHg), while the mean diastolic BP measured by the NC was 73.0 mmHg (±7.9 mmHg; p < 0.05). The same trend was seen at visit 2.
Patient Satisfaction with Kiosk
Seventy patients who completed the second kiosk visit completed the patient satisfaction survey. Table 4 shows the results of the patient survey. All of the participants agreed or strongly agreed that the kiosk was easy to use, and 96% agreed or strongly agreed that they could use the kiosk instead of a physician.
Adverse Events
As part of the study protocol, all study participants were required to have a doctor visit at 9 months. These 64 patients had not had any hospitalizations or additional doctor consultations, nor did the doctor identify any red flag symptoms that had not been detected by the kiosk. All but two patients met the targets for BP, LDL, and HbA1c at 9 months. One of the participants who did not meet his BP target at the doctor's visit had BP above target at visit 1 as assessed by the kiosk, but when rechecked by the NC, his BP was lower and met the target. The other participant who did not meet the target BP at 9 months had BP that was only slightly above target, at 141/78 mmHg.
Potential Cost Savings
Sixty-four percent of patients with well-controlled chronic disease were able to replace two PCP visits with kiosk visits, with no adverse outcome. This constitutes a reduction of 128 physician visits, which translates to total savings of $5335. 
DISCUSSION
Our study showed moderate agreement between the SEEK kiosk and evaluation by a nurse clinician. The main discordance between the two was that the kiosk BP reading was higher than that of the NC, resulting in participants being categorized as having suboptimal or poor control by the kiosk versus well-controlled or sup-optimally controlled status by the NC. This difference in BP readings may be due to the fact that BP measurements change from minute to minute and can be affected by various factors.
14 The kiosk uses the Omron HBP-9020 BP measuring device, which has been approved by the Health Sciences Authority of Singapore and meets the standards in accordance with the Health Products Act and Health Products (Medical Devices) Regulations. We conducted a quality evaluation of the device and found that the readings were accurate.
We relied on single BP measurements by the kiosk and NC instead of repeated measurements. Unfortunately, single BP measurements do not take into account beat-to-beat variability and at best are a rough estimate of the patient's actual average BP, 15 which may also account for the observed differences. Another potential factor to account for the difference is the patient's level of anxiety when using the kiosk. Patient emotions also affect variability in BP. [16] [17] [18] This theory is supported by the greater difference in mean systolic BP at visit 1 than visit 2, which could be as a result of the exposure to a new measurement protocol in contrast to the familiar face of the NC. Thus, when patients returned to the kiosk for the second visit, they were already familiar with the kiosk, and so the mean difference in systolic BP between kiosk and NC was lower.
The main limitation of this study is its lack of a control arm. However, the aim of the study was to evaluate the feasibility and acceptability of using the kiosk to provide care. A randomized design with a control group would not be able to evaluate agreement between clinician and kiosk, and could only provide results regarding satisfaction with and appropriateness of treatment. Future research is needed to compare the health outcomes of well-controlled patients with chronic conditions using the kiosk to those seeing physicians.
The study also showed that all participants who completed two kiosk visits found the kiosk easy to use and felt that the kiosk was a viable alternative to seeing a doctor. This is an important finding, since the majority of our sample was elderly, and this population was able to adopt an innovative model of care that leveraged technology. A 2009 study by Luo et al. 19 in a representative sample of 705 patients visiting a polyclinic in Singapore (mean age 54.6 years) showed that only 40% of the patients were comfortable using the internet or texting technology for healthcare delivery. The majority of patients preferred face-to-face doctor visits, thereby creating a barrier to the implementation of new technology to support delivery of care.
In our clinics, 30% of our cardiovascular patients have well-controlled disease, and thus would be eligible for kiosk consultation. We estimate that 8200 well-controlled patients could have two face-to-face PCP visits per year replaced by the kiosk, which would be a savings of 16,400 doctor visits. This would translate to an annual savings of approximately $683,552. The approximate commercial cost of the kiosk is $10,000 per year, and the annual operating cost is $4000. Thus, the total cost of a kiosk is $14,000, and if two kiosk are used, the total kiosk expenses are $28,000. As such, the cost of delivering care to a stable chronic patient using a kiosk is about 4% of the current cost of delivering care by face-to-face PCP visits. Even if one in five eligible patients with well-controlled chronic disease were to use the kiosk, the cost of delivering care would be only about 20% of the cost of face-to-face care.
Another potential advantage of the kiosk is the time savings for the patient. For the purpose of this study, the kiosk was placed in the clinic waiting area. In the future, the kiosk will be placed outside the clinic environment in a place accessible to patients at any time of day, and not limited to clinic hours. Patients with stable chronic disease currently wait half a day to see a PCP for management of their condition. When the kiosk is used as a care delivery alternative, the patient needs to spend only about 7 min at the kiosk, and this can be done outside working hours. The reduction of two doctor visits equates to a savings of one work day for the patient or their employers every 6 months. Based on mean salaries 20 of Singaporeans, this represents a savings of $173.50 for the patient. Healthcare kiosks should not be used in isolation, as a replacement for healthcare providers. Different patients may have different preferences, and preferences may change over time. As healthcare providers, we should strive to provide a variety of care options to meet the needs of our patients. With advances in remote and mobile health technology, virtual consultation, 21 synchronous and asynchronous telehealth modalities, 22, 23 and email consultations, 24, 25 we can now offer multiple avenues of care. These, together with the healthcare kiosk, can be used by patients with chronic diseases to improve quality of care, patient empowerment, and access to care. Only by increasing the variety of care delivery modalities can we then reach out to more of the patient population, and begin to cope with the global burden of chronic disease. 26 While our study showed that a kiosk can be a feasible care delivery option, with good patient acceptance, this was a pilot study involving a small number of patients. A more robust, controlled study is needed to fully evaluate whether the kiosk can indeed serve as an alternative care delivery option with a potential cost benefit.
